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httpicense.Abstract The stratigraphic distribution of the palynomorphs and particulate organic matter was
studied in the subsurface Lower/Middle Cretaceous sections in Ii-26-1 and Ig-30-1 wells, located
in north Western Desert of Egypt. Some important palynofacies parameters were employed as indi-
cators of proximal–distal trends. The spatial and stratigraphical variations of six palynofacies cat-
egories had been illustrated. Optically, the type and nature of the recovered particulate organic
matter together with their quantity were combined to reveal the prevailing paleoenvironmental con-
ditions during deposition of the concerning sections. Thirty-seven samples were selected from the
two wells to carry the total organic carbon (TOC) and Rock–Eval Pyrolysis analyses in order to
geochemically evaluate the source rock.
TOC and Rock–Eval Pyrolysis analyses illustrate extremely low TOC and HI values, demonstrat-
ing that the Alam El Bueib, Alamein, Dahab, Kharita and Bahariya formations are comprised prin-
cipally of type IV kerogen and a few type III kerogen components. Therefore, they are inert to
slightly gas prone, signifying a strong deﬁciency of hydrogen-enriched organic matter. Palynofacies
analysis implies that all the studied formations have highly oxidized terrestrial organic matter
(brown phytoclasts and black woods).
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Economically, the Jurassic and Cretaceous deposits in north-
ern Egypt are very important due to the presence of many
source-reservoir pairs. The availability of very limited informa-
tion requires more investigations to build up a more compre-
hensive history. All the previous studies of the Cretaceous ofgyptian Petroleum Research Institute.
1.001
436 S.S. Tahoun et al.the Western Desert of Egypt did not evaluate source rock
potential and most of them ignored palynofacies analyses [1–
16,36,37].
Classopollis brasiliensis, Afropollis jardinus, Elaterosporites
klaszii, Elaterocolpites castelainii, Cretacaeiporites densimurus,
Matonisporites simplex, Crypelosporites pannuceus, Galeacor-
nea causea, Scortea hamoza, Scortea tecta, Murospora ﬂorida,
Concavissimisporites variverrucatus, Afropollis operculatus,
Dicheiropollis etruscus, Impradecispora apiverrucata, Aequitr-
iradites spinulosus and Pilosisporites trichopapillosus are among
the most important Lower/Middle Cretaceous miospores taxa
utilized in the scope of all the previously erected biozones of
the Cretaceous deposits of the Western Desert of Egypt. With
respect to dinocysts taxa, Cyclonephelium vannophorum, Xipho-
phoridium alatum, Subtilisphaera senegalensis, Dinopterygium
cladoides, Florentinia mantlii, Cribroperidinium edwardsii,
Peseudoceratium securigerum, Pseudoceratium anaphrissum,
Mudrongia simplex are the most signiﬁcant.
The increasing need to better understand the vertical and
lateral variations of organic contents and particulate organic
matter responsible for hydrocarbon production has resulted
in the need for more palynofacies and organic geochemical
studies. The present study illustrates the stratigraphic distribu-
tion of palynomorphs and particulate organic matter in order
to interpret palynofacies and paleoenvironments of the Early/
Middle Cretaceous successions penetrated by Ii-26-1 and Ig-
30-1 boreholes in the North Western Desert, Egypt (Fig. 1).
Furthermore, it attempts to evaluate the source rock potential
qualitatively using palynofacies, and quantitatively using total
organic carbon content (TOC) and Rock–Eval Pyrolysis.
Some factors are important to interpret the spatial palynof-
acies pattern in terms of paleoenvironment and analyze the
stratigraphic palynofacies variations in term of sea level
changes. Of these, the main factors inﬂuencing the spatial vari-Figure 1 Location mapations of organic particles are the proximity of land, organic
productivity, level of biodegradation and hydrodynamic con-
ditions in the paleoenvironment [29]. These factors determine
the distribution of the land-derived, relatively allochthonous
organic constituents (phytoclasts, pollen and spores), and mar-
ine, relatively autochthonous constituents (phytoplankton and
foraminifera test linings). In order to make palynofacies a cost-
effective routine tool in paleoenvironment and sea level change
investigations, a sufﬁciently simple classiﬁcation is required for
observations by transmitted light microscopy. Such a classiﬁ-
cation must take into account some important variables,
mainly the biological origin of constituents, their preservation-
al state, and any signiﬁcant variation in size, morphology, and
density likely to affect the hydrodynamic behavior of particles.
The classiﬁcation used in this paper is adopted from that of
[29,30] with some modiﬁcations.
In the present investigation, 37 samples were selected for
geochemical analyses to represent the different rock units
encountered in the two wells. These analyses were carried
out to determine the amount and thermal maturity of the or-
ganic matter, and its potential to generate oil and/or gas.
The data generated in this study are shown in different
types of plots on the same suite of samples in order to compare
their results (Figs. 6–9). Data are also given in Tables 1–4. It is
important to construct a correlation between the identiﬁed ker-
ogen types based on visual microscopic examination of the pal-
ynofacies constituents with their equivalent of kerogen types
derived from the present geochemical results to assess their
relationship.
2. Previous palynostratigraphy
Obeid, [16] studied only the palynomorph contents in the Low-
er/Middle Cretaceous interval in the Ii-26-1 and Ig-30-1 wells.of the studied wells.
Table 1 Palyfacies counts in Ii 26-1 Well.
Sample
Depth
Palynomorphs Total
phytoclasts
Translucent
phytoclasts
Total
opaque
Phytoclasts
Equ- Op.
Phytoclasts
Lath Op.
Phytoclasts
Terr.
Palynomorphs
Mar.
Palynomorphs
AOM Marine/
Terrestrial
Palynomorphs
6250 5 35 20 15 11 4 4.7 0.3 60 0.06383
6310 8 68 65 3 2.5 0.5 7.04 0.96 24 0.136364
6350 10 50 35 15 12 3 9.1 0.9 40 0.098901
6410 6 12 8 4 2.5 1.5 5.7 0.3 82 0.052632
6450 9 58 35 23 14 9 8.37 0.63 33 0.075269
6500 2 95 15 80 57 23 2 0 3 0
6530 7 91 47 44 29 15 7 0 2 0
6550 6.5 90.5 30.5 65 44 21 6.5 0 3 0
6600 4 95 71 24 16 8 3.92 0.08 1 0.020408
6850 5 85 78 7 6 1 5 0 10 0
6950 4 84 70 14 10 4 3.96 0.04 12 0.010101
7060 9 89 79 10 8 2 8.865 0.135 2 0.015228
7210 7 54 14 40 28 12 6.93 0.07 39 0.010101
7360 1 3 2 1 1 0 0.96 0.04 96 0.041667
7390 4 94 91 3 2 1 3.96 0.04 2 0.010101
7430 8 24 3 21 12 9 8 0 68 0
7500 4 92 80 12 7 5 4 0 4 0
7550 3 49 20 29 21 8 3 0 48 0
7780 5 12 5 7 4 3 5 0 83 0
7940 11 88 79 9 7 2 11 0 1 0
8120 5 60 20 40 28 12 5 0 25 0
8127 7 82 22 60 35 25 6.09 0.91 11 0.149425
8180 8 51 11 39 20 19 7.28 0.72 41 0.098901
8220 6 92 60 32 24 8 5.94 0.06 2 0.010101
8330 3 96 1 95 73 22 2.94 0.06 1 0.020408
8380 5 57 17 40 30 10 4.8 0.2 38 0.041667
8430 4 56 10 46 40 6 3.8 0.2 40 0.052632
8500 2 90 60 30 27 3 1.6 0.4 8 0.25
8560 3 27 3 24 14 10 2.79 0.21 70 0.075269
8740 2 7 2 5 3 2 1.6 0.4 91 0.25
8800 7 58 40 18 12 6 6.37 0.63 35 0.098901
8830 8 17 12 5 4 1 7.92 0.08 75 0.010101
8880 3 12 6 6 4 2 2.76 0.24 85 0.086957
8920 9 85 54 31 19 12 8.82 0.18 6 0.020408
8990 8 88 68 20 13 7 7.96 0.04 4 0.005025
9010 13 86 82 4 3 1 12.935 0.065 1 0.005025
9070 8 90 75 15 10 5 7.84 0.16 2 0.020408
9110 5 80 18 62 47 15 4.35 0.65 15 0.149425
9250 6 74 34 40 29 11 5.94 0.06 20 0.010101
9300 4 41 11 30 19 11 3.16 0.84 55 0.265823
9360 2 97 30 67 40 27 1.99 0.01 1 0.005025
9510 7 91 51 40 25 15 6.44 0.56 2 0.086957
9550 4 93 20 73 40 33 3.92 0.08 3 0.020408
9670 2 97 80 17 12 5 2 0 1 0
9720 6 92 62 30 17 13 6 0 2 0
9770 4 95 50 45 28 17 4 0 1 0
9850 5 92 40 52 42 10 5 0 3 0
9960 3 91 30 61 40 21 3 0 6 0
10050 8 90 48 42 32 10 8 0 2 0
10170 6 89 70 19 12 7 5.94 0.06 5 0.010101
10430 2 7 1 6 4 2 2 0 91 0
10550 4 94 76 19 10 9 3.44 0.56 2 0.162791
10750 8 54 30 24 20 4 7.92 0.08 38 0.010101
10900 6 92 52 40 22 18 5.88 0.12 2 0.020408
10950 9 44 34 10 8 2 8.91 0.09 47 0.010101
11280 3 43 20 23 20 3 2.76 0.24 54 0.086957
11430 5 50 28 22 15 7 4.975 0.025 45 0.005025
11630 6 50 30 20 16 4 4.5 1.5 44 0.333333
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an earlier paper, which ignored the palynofacies content. The
present study has focused on the palynofacies and the geo-chemical analyses of the same samples in order to present a
comprehensive picture for this stratigraphic interval. The
palynostratigrphic previous work [16] identiﬁed six time
Table 2 Palynofacies counts in Ig 30-1 Well.
Sample
Depth
Palynomorphs Total
phytoclasts
Translucent
phytoclasts
Total
opaque
Phytoclasts
Equ- Op.
Phytoclasts
Lath Op.
Phytoclasts
Terr.
Palynomorphs
Mar.
Palynomorphs
AOM Marine/
Terrestrial
Palynomorphs
1547 3 11 9 2 1.5 0.5 0 0 86 0
1562 3.5 6.5 5 1.5 1 0.5 1.4 2.1 91 1.5
1589 5 47 40 7 5 2 4.4 0.6 48 0.136364
1601 6 55 44 11 8 3 5.76 0.24 39 0.041667
1637 2 52 46 6 5 1 1.8 0.2 46 0.111111
1664 5 73 53 20 17 3 4.9 0.1 22 0.020408
1688 4 77 60 17 11 6 3.94 0.06 19 0.015228
1697 8.5 77 50 27 18 9 8.4575 0.0425 14.5 0.005025
1721 10 89 54 35 28 7 9.95 0.05 21 0.005025
1739 9.5 88.5 60 28.5 20.5 8 9.5 0 2 0
1760 8 91 40 51 31 20 8 0 1 0
1775 6 90 57 33 22 11 5.97 0.03 4 0.005025
1793 3 94 40 54 28 26 3 0 3 0
1814 2 93 36 57 37 20 1.98 0.02 5 0.010101
1838 3 94 42 52 42 10 3 0 3 0
1862 2 97 20 77 57 20 1.98 0.02 1 0.010101
1898 4 95 29 66 40 26 3.52 0.48 1 0.136364
1928 3 94 30 64 42 22 3 0 3 0
1949 6 93 50 43 30 13 5.82 0.18 1 0.030928
1985 4 89 60 29 20 9 3.76 0.24 7 0.06383
2021 5 94 34 60 48 12 5 0 1 0
2042 7 91 49 52 30 22 6.979 0.021 2 0.003009
2066 2 94 29 65 40 25 1.98 0.02 4 0.010101
2093 4 94 27 67 47 20 3.64 0.36 2 0.098901
2117 3 96 30 66 40 26 2.97 0.03 1 0.010101
2141 6 92 28 64 54 10 5.88 0.12 2 0.020408
2168 8 81 20 71 50 21 7.6 0.4 1 0.052632
2195 5 85 70 15 10 5 4.55 0.45 10 0.098901
2216 4 90 72 18 12 6 3.72 0.28 6 0.075269
2234 7 92 68 24 20 4 6.72 0.28 1 0.041667
2252 4 95 77 18 12 6 3.84 0.16 1 0.041667
2279 3 87 67 20 11 9 3 0 10 0
2294 6 78 40 38 27 11 5.76 0.24 16 0.041667
2348 5 76 50 26 18 8 4.55 0.45 19 0.098901
2384 7 71 35 36 20 16 6.58 0.42 22 0.06383
2405 4 82 50 32 23 9 3.92 0.08 14 0.020408
2427 5 78 44 34 23 11 4.85 0.15 17 0.030928
2447 6 76 46 30 21 9 5.16 0.84 18 0.162791
2468 7 87 30 57 40 17 6.72 0.28 6 0.041667
2519 5 93 32 61 51 10 4.75 0.25 2 0.052632
2546 4 86 46 40 31 9 3.76 0.24 10 0.06383
2594 2 87 40 47 27 20 1.88 0.12 11 0.06383
2636 4 78 50 28 22 6 3.46 0.54 18 0.156069
2678 3 46 30 16 9 7 2.94 0.06 51 0.020408
2717 4 39 30 9 8 1 3.68 0.32 57 0.086957
2735 3 19 12 7 6 1 2.79 0.21 78 0.075269
2819 3 92 10 82 60 22 3 0 5 0
2861 6 49 30 19 15 4 5.94 0.06 45 0.010101
2900 3 51 33 18 12 6 2.94 0.06 46 0.020408
2948 5 71 41 30 20 10 4.95 0.05 26 0.010101
2987 4 58 34 24 18 6 4 0 38 0
3017 5 75 52 23 17 6 4.85 0.15 20 0.030928
3140 6 73 37 36 26 10 5.94 0.06 21 0.010101
3164 3 59 20 39 25 14 2.97 0.03 38 0.010101
3185 5 60 35 25 16 9 4.975 0.025 35 0.005025
3212 4 56 18 38 27 11 4 0 40 0
3242 6 55 25 30 15 15 6 0 39 0
3263 2 56 40 16 10 6 2 0 42 0
3299 4 76 38 38 21 17 3.96 0.04 20 0.010101
3320 1 97 7 90 71 19 0.995 0.005 2 0.005025
3365 3 54 35 19 12 7 2.97 0.03 43 0.010101
3377 5 48 26 22 13 9 4.9 0.1 47 0.020408
3404 2 31 10 21 17 4 2 0 68 0
3443 1 27 7 20 12 8 1 0 72 0
3464 4 64 42 22 15 7 4 0 32 0
3497 2 33 22 11 6 5 2 0 65 0
3524 2 29 8 21 15 6 2 0 69 0
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Table 3 TOC and Rock–Eval Pyrolysis of Ig-30-1 well.
Sample
Depth
Depth (m) Formation TOC (wt.%) Petroleum
potential
HI Kerogen
type
Tmax (C) Thermal
maturity
S3 OI S2
1 1721 Bahariya 0.60 Poor 52 IV 423 Immature 2.26 378.5595 0.31
2 1775 0.66 Poor 94 III 426 Immature 2.58 391.5023 0.62
3 1793 0.61 Poor 73 IV 415 Immature 1.77 290.1639 0.45
4 1928 Kharita 0.79 Poor 28 IV 425 Immature 1.70 216.0102 0.22
5 2021 0.54 Poor 92 III 429 Immature 2.78 511.0294 0.50
6 2117 0.48 Poor 64 IV 428 Immature 1.66 344.3983 0.31
7 2195 Dahab 0.58 Poor 105 III 428 Immature 1.37 234.589 0.61
8 2216 Alamein 0.86 Poor 65 IV 428 Immature 2.62 305.7176 0.56
9 2348 Alam El Bueib 0.74 Poor 66 IV 423 Immature 2.23 301.3514 0.49
10 2423 0.70 Poor 112 III 426 Immature 1.86 264.9573 0.78
11 2468 0.85 Poor 27 IV 426 Immature 1.26 148.4099 0.23
12 2578 0.98 Poor 59 IV 422 Immature 1.35 137.3347 0.58
13 2861 0.80 Poor 48 IV 429 Immature 0.83 104.1405 0.38
14 3019 0.77 Poor 84 IV 429 Immature 1.84 237.8667 0.65
15 3299 0.56 Poor 37 IV 423 Immature 0.98 173.7589 0.21
16 3356 0.64 Poor 20 IV 429 Immature 2.78 434.375 0.13
17 3443 1.07 Fair 48 IV 438 Immature 2.01 187.9595 0.51
Table 4 TOC and Rock–Eval pyrolysis data of Ii-26–1 well.
Sample
Depth
Depth
(m)
Rock
Unit
TOC
(wt.%)
Petroleum
potential
HI Kerogen
type
Tmax (C) Thermal
maturity
S3 OI S2
1 6350 Bahariya 0.73 Poor 65 IV 392 Immature 0.47 2.70 372.41
2 6550 0.80 Poor 45 IV 401 Immature 0.36 2.21 275.56
3 6850 0.54 Poor 75 IV 420 Immature 0.40 1.98 368.03
4 6950 0.56 Poor 99 III 413 Immature 0.55 1.22 219.42
5 7500 Kharita 0.53 Poor 47 IV 425 Immature 0.25 2.38 453.33
6 8180 0.90 Poor 75 IV 427 Immature 0.67 1.93 215.64
7 8220 0.84 Poor 62 IV 424 Immature 0.52 0.99 118.28
8 8500 Dahab 0.88 Poor 88 IV 414 Immature 0.78 1.32 149.49
9 8800 Alamein 0.77 Poor 90 III 421 Immature 0.69 1.29 167.53
10 8880 Alam El Bueib 0.72 Poor 38 IV 419 Immature 0.27 1.61 222.68
11 8990 0.51 Poor 108 III 416 Immature 0.55 1.80 352.25
12 9010 0.52 Poor 115 III 428 Immature 0.60 0.80 152.67
13 9250 0.68 Poor 63 IV 428 Immature 0.43 0.83 121.35
14 9400 0.62 Poor 62 IV 424 Immature 0.39 1.40 225.81
15 9670 0.47 Poor 43 IV 429 Immature 0.20 0.60 128.21
16 9770 0.92 Poor 55 IV 421 Immature 0.50 2.26 246.19
17 9960 0.57 Fair 26 IV 422 Immature 0.14 2.68 473.5
18 10170 0.46 Poor 83 IV 431 Immature 0.38 1.34 293.86
19 10550 0.67 Poor 88 IV 435 Immature 0.59 2.23 333.83
20 11430 0.67 Poor 44 IV 438 Immature 0.30 1.19 176.56
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signiﬁcant morphotypes. They are early Cenomanian (M1),
earliest Cenomanian (M2), Albian (M3, M4 & D1), Aptian
(M5 & D2), late Hauterivian/Barremian (M6 and D3) and
Berriasian/early Hauterivian (M7). Palynofacies results will
be presented in the framework of these six time intervals.
3. Lithostratigraphy
With the close of the Paleozoic, the North Western Desert, like
most other parts of Egypt, formed a positive area until the ﬁrst
Mesozoic transgression of the Middle Jurassic. No Triassic or
Early Jurassic marine sediments are known in the region. The
widespread nature of Middle Jurassic/Cretaceous sediments
indicates most probably that the North Western Desert, along
with many other parts of Egypt, formed an area of low relief,[17]. Most of the North Western Desert formed a platform
where shallow open marine environment prevailed for a very
long time, [17]. The Ii-26-1 (Lat.: 30 480 N. and Long.: 27
330 E) and Ig-30-1 (Lat.: 30 38 and Long.: 27 550) boreholes
are located in the north Western Desert, Egypt (Fig. 1). In this
study, the interval between the Berriasian/Early Hauterivian
and Cenomanian is subdivided into ﬁve formations (Fig. 2).
The correlation of these rock units in the studied wells is pre-
sented in Fig. 2.
3.1. Alam El Bueib Formation
Norton, [18] introduced this rock unit as a member of Burg
El Arab Formation and considered it to range from Barre-
mian to Aptian age. Ghorab, [19] raised this member to a for-
mational rank and suggested for it a wide age ranging from
Figure 2 Correlation of the encountered rock units in the studied Ii-26-1 & Ig-30-1 wells.
440 S.S. Tahoun et al.Berriasian to Aptian. Alam El-Bueib Formation is
dominantly white sandstone or yellowish white with siltstone
and subordinate gray shale. Also, thin beds of carbonate are
common with some carbonaceous shale. It conformablyunderlies the Alamein Formation. It attains 1191 m (2350–
3541 m) in Ig 30-1 and 29980 ft (88620–11,8600 ft) in Ii 26-1.
Berriasian to Aptian age is proposed for this formation
(Fig. 2).
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This unit was introduced by [18] as a member of the Burg El-
Arab Formation. Ghorab, [19] raised it to a formational rank.
The designated type section is in El Alamein-1 well, where it is
described as white to light brown, hard, dense, microcrystalline
dolomite with some shale, silty shale and very ﬁne sandstone.
The Alamein conformably overlies the Alam El-Bueib Forma-
tion and underlies the Dahab Formation or Kharita Forma-
tion. It attains 115 m (2215–2350 m) in Ig 30-1 and 2880 ft
(85740–88620 ft) in Ii 26-1. Aptian age is proposed for this for-
mation (Fig. 2).
3.3. Dahab Formation
El-Gezeery & O‘Conner, [20] introduced the name ‘‘Dahab
Member’’ for the Kharita Formation, but it was raised to a
formational rank by [21]. It consists of greenish gray, pyritic
shale with interbedded siltstone, sandstone, and limestone at
the type section in Kharita-1 well. The formation rests con-
formably on the Alamein Formation and attains thickness of
about 250 ft (from depth 78950–79200 ft). It was deposited in
shallow marine environment. It attains 34 m (2181–2215 m)
in Ig 30-1 and 2500 ft (83240–85740 ft) in Ii 26-1. The formation
is dated late Aptian age (Fig. 2).
3.4. Kharita Formation
The Kharita Formation was introduced by [18] as a member of
Burg El Arab Formation and it was raised to a formational
rank by [19]. It conformably overlies the Dahab Formation
and underlies the Bahariya Formation. It comprises mainly
sandstone that shows ﬁning upward sequences, with occasional
shale and thin limestone streaks. Thick sandstone units with
minor shale intercalations characterize the lower part of this
formation. In many wells, the boundary between the Kharita
and Bahariya formations could not be deﬁned, but it was indi-
cated as uncertain, [17]. It attains 362 m (1819–2181 m) in Ig
30-1 well and 12260 ft (70980–83240 ft) in Ii 26-1 well. Albian
age is proposed for this formation (Fig. 2).
3.5. Bahariya Formation
Norton, [18] deﬁned the Bahariya Formation from the Baha-
riya-1 well. It extends in the subsurface over most of the Wes-
tern Desert and rests conformably to unconformably on the
Kharita Formation and is conformably overlain by the Abu
Roash Formation. It was deposited in ﬂuvial to shallow mar-
ine environment. This formation is dominated by near shore
marine ﬁne-grained sandstone, interbedded with shale and silt-
stones. The basal part of the formation usually includes mas-
sive sands, but these sands are more shaly and less uniform
than the sands of the underlying Kharita Formation. It attains
8720 ft (62260–70980 ft) in Ii 26-1 well and 226 m (1593–1819 m)
in Ig 30-1 well. It is dated as Early Cenomanian (Fig. 2).
4. Material and methods
A total of 125 ditch samples were examined in the present
study. 58 and 67 ditch samples covering most of the Alam El
Bueib, Alamein, Dahab, Kharita and Bahariya formationswere selected from Ii-26-1 and Ig-30-1 wells, respectively for
the studying. Also, 37 samples were selected from all the stud-
ied formations in the two wells for TOC and Rock–Eval Pyro-
lysis analyses to evaluate the source rock potential.
(1) The standard palynological technique was used to pro-
cess the samples in the palynological laboratory at the
Petroleum Research Institute in Cairo, Egypt. This
included treatment with diluted HCl, HF and concen-
trated HCl, followed by heavy liquid separation using
zinc chloride solution (1.8 speciﬁc gravity). No oxida-
tion with nitric acid was performed. The residues were
subsequently sieved through a 15 lm nylon sieve.
Finally, the residues were mounted on glass slides, which
were investigated qualitatively and quantitatively under
a transmitted light microscope for palynomorphs and
palynofacies content of each sample. A minimum of
100 palynomorphs and 50 sporomorphs were counted
in each sample, in order to provide statistically meaning-
ful variations, [22]. The encountered palynomorphs were
identiﬁed and representative forms were photographed.
All the samples and material are housed in the Petro-
leum Research Institute, Cairo.
(2) At least 200 particles of particulate organic matter (pal-
ynofacies) were counted, and their relative frequencies
were used for stratigraphic and paleoenvironmental
interpretation. Six palynofacies parameters were consid-
ered: relative proportion of total phytoclasts; relative
proportion of amorphous organic matter (AOM); pro-
portion of fresh, translucent fragments among these
phytoclasts; ratio of lath-shaped opaques to equi-dimen-
sional opaques; ratio of marine to continental pal-
ynomorphs; and diversity of dinoﬂagellate cyst species
(expressed as number of dinocyst species). These param-
eters appear to be good indicators of proximal–distal
trends and are largely related to water depth (Figs. 3–
5). The counts of the different palyfacies categories in
Ii26-1 and Ig30-1 are presented in percentages in Tables
1 and 2.
(3) TOC, expressed as the relative dry weight percentage of
organic carbon in the sediment Jarvie [23], but not a
direct measure of the total amount of organic matter.
It is generally accepted that for a rock to be a source
of hydrocarbons it has to contain sufﬁcient organic mat-
ter for signiﬁcant generation and expulsion, [24]. For
many years this was taken as 0.5% TOC for shales
and somewhat less (0.3%) for carbonates. Peters &
Cassa, [25] noted that the minimum organic content of
a source rock needed to be within the range of 1–2%.
(4) Petroleum potential via Rock–Eval Pyrolysis in an inert
atmosphere [26–28]. Pyrolysis gives rise to two parame-
ters, S1 and S2, both expressed as kg of hydrocarbons
per tonne of rock. S1 measures the amount of free
hydrocarbons that can be volatilized out of the rock
without cracking the kerogen (mg HC/g rock). S2 mea-
sures the hydrocarbon yield from cracking of kerogen
(mg HC/g rock). S3 parameter is the amount (mg) of
CO2 derived from thermal alteration of the kerogen.
The type of organic matter can be established by pyroly-
sis. Cross-plotting of the hydrogen index (HI = S2/
TOC · 100, mg HC/g TOC) against the oxygen index
(OI = S3/ TOC · 100, mg CO2/g TOC), leads to the
Figure 3 Correlation of relative variation of palynofacies in both Ii26-1and Ig30-1 wells.
442 S.S. Tahoun et al.so-called modiﬁed van Krevelen diagram or HI versus
Tmax (C), temperature at which the maximum genera-
tion of the products of pyrolysis occurs (Figs. 6 and 8).
(5) Six constituent categories have been identiﬁed. The phyt-
oclast group is subdivided into translucent and opaque to
semi-opaque particles. Translucent phytoclasts (category
1) comprise fresh woody fragments and cuticles, which
are much less oxidized. This fresh phytoclasts are inher-
ently more biodegradable than the opaque fraction, [31].
The opaque and semi-opaque fraction comprises char-
coal and highly oxidized land plant tissues. This fraction
is reworked and fairly resistant to biodegradation. For
hydrodynamic reasons, it is further subdivided into
equi-dimensional (category 2) and lath-shaped fragments
with a higher ease of transport (category 3), [29]. The pal-
ynomorphs group is subdivided into two subgroups: (1)
the continental palynomorphs (sporomorph subgroup)
comprise pollen, spores and fresh water algae (category
4), and (2) the marine palynomorphs comprise dinoﬂa-
gellate cysts and foraminifera test linings (category 5).Foraminifera test linings are considered reliable indica-
tors of marine shelf or slope condition, and their fre-
quency tends to decrease offshore [31]. Amorphous
organic matter (AOM) (category 6) characterizes low
energy, stagnant, oxygen-depleted paleoenvironments,
[22]. In the present study, phytoclasts and sporomorphs
(categories 1–4) represent the allochthonous
(land-derived) fraction, whereas dinoﬂagellate cysts,
foraminifera linings and AOM constitute the relatively
autochthonous (marine) fraction.
5. Results and discussion
5.1. Palynofacies synthesis
Palynofacies results have been synthesized both spatially and
stratigraphically (Figs. 3–5), in order to analyze variations in
the distribution of the palynomorphs and the particulate
organic matter with respect to both paleoenvironment and
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Figure 4 Variation of palynofacies with depth in Ii26-1 well.
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six palynofacies categories (1–6) recorded in the six time inter-
vals in the two wells is presented in Fig. 3. These time intervals
are correlated in the two studied sections to trace the change in
composition of the palynofacies categories spatially from the
northwest (Ii-26-1) to the southeast (Ig-30-1) and stratigraph-
ically from Alam El Bueib Formation (Berriasian-early Ap-
tian), Alamein Formation (late Aptian), Dahab Formation
(late Aptian), Kharita Formation (Albian), Bahariya Forma-
tion (Early Cenomanian). These sections are located in
Fig. 2 with respect to the paleoenvironmental interpretation.
The six palynofacies parameters indicating the proximal–distal
trends are illustrated in Figs. 3–5. Only the most salient obser-
vations will be discussed here because results will be further
integrated in the next paragraphs below.
5.1.1. Berriasian/early Hauterivian time interval (Figs. 3–5)
In the Ii26-1 and Ig30-1 sections, the total phytoclasts and
translucent particles dominate. Equi-dimensional opaque par-
ticles, however, constitute the major fraction of opaques, andamorphous organic matter (AOM) is also considerably impor-
tant. The marine/continental palynomorph ratio and dinocyst
diversity show increasing–decreasing–increasing trend from
the basal through the middle to the upper part. It is worth not-
ing that the values of the latter indicative parameters in Ig sec-
tion are considerably lower compared to their equivalents in Ii
section. In contrast, AOM has higher values in Ig section com-
pared to Ii.
5.1.2. Late Hauterivian/Barremian time interval (Figs. 3–5)
Both the studied sections are marked by fairly regular upward
increase in the total phytoclasts. Reciprocally, the AOM de-
creases. In the Ig section, the translucent fraction decreases
upward whereas in Ii, it shows increasing trend. Lath/equi-
dimensional opaques have lower values in Ii section compared
to their equivalents in Ig section. The marine/continental pal-
ynomorph ratio and dinocyst diversity have greater values in Ii
than their equivalents in the lower part of Ig, whereas the
upper part of the Ig section exhibits greater values for the same
parameters compared to Ii section.
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Figure 5 Variation of palynofacies with depth in Ig 30-1 well.
444 S.S. Tahoun et al.5.1.3. Aptian time interval (Figs. 3–5)
The total phytoclasts parameter indicates a fairly marked up-
ward increase in the Ii section, while AOM shows the reverse
trend upward. The Translucent particles dominate the phyto-
clasts and equi-dimensional opaques are the dominant opaque
particles. The marine/continental palynomorph ratio and
dinocyst diversity show regular increase from the basal to
the middle part then decrease in the upper part of the interval.
In the Ig section, the total phytoclast fraction decreases
slowly from the basal to the middle part, then gradually in-
creases in the upper part of the interval. AOM and lath/
equi-dimensional opaque parameters indicate a moderate peak
in the middle part. The translucent fraction shows regular in-
crease upward. Also, the marine/continental palynomorph ra-
tio and dinocysts diversity show lower values compared to
their equivalents in Ii section.
5.1.4. Albian time interval (Figs. 3–5)
In Ii section, the phyoclast and AOM fractions show distinct
ﬂuctuations of large peaks in the middle and upper parts of Al-
bian. Translucent and the equi-dimensional particles are themain components among the phytoclast and opaque particles,
respectively. In the lowermost and uppermost parts of the
interval, the marine/continental palynomorph ratio and dino-
cyst diversity have higher values compared to Ig. Unexpect-
edly, the middle part shows zero values.
In the Ig section, the phytoclast fraction dominates. The
opaque fraction is the major phytoclast component and the
equi-dimensional particles constitute a signiﬁcant portion
among opaques. The AOM fraction is rare. The marine/
continental palynomorph ratio and dinocyst diversity indicate
pronounced irregular small peaks within the Albian time
interval.
5.1.5. Earliest Cenomanian time interval (Figs. 3–5)
The phytoclast fraction fairly increases upward in the Ii sec-
tion, while amorphous organic matter (AOM) decreases. The
translucent fraction dominates in the lower part of the interval
while opaques are the major components in the upper part.
Very small values are recorded for the marine/continental pal-
ynomorph ratio and dinocyst diversity in this time interval of
the Ii section.
Figure 6 A modiﬁed van Krevelen kero gen plot of the Ig-30-1 well (After Tyson 1995). The same symbols are used in the other ﬁgures.
Stratigraphic distribution of the palynomorphs and the particulate organic 445In the Ig section, phytoclasts regularly decrease while AOM
increases upward. The opaque fraction dominates in the lower
part of the interval while the translucent fraction increases in
the upper part. The marine/continental ratio and dinocyst
diversity show zero values.
5.1.6. Early Cenomanian time interval (Figs. 3–5)
In the Ii section, the phytoclasts show ﬂuctuated decreasing
upward, while AOM show the reverse trend. The opaques
are the dominant fraction in the lower and middle parts, where
the lath shaped particles are the foremost in the middle part.
The translucent phytoclast and AOM dominate in the upper
part. The marine/continental ratio and dinocysts diversity
show relative increasing in the middle and upper parts.
The phytoclasts show gradual decreasing upward in the Ig
section, whereas AOM show steady increasing upward. The
translucent and equi-dimensional opaques fractions are the
principal portions within the phytoclasts and opaques frag-
ments, respectively. It is clearly observed that the marine/con-
tinental ratio and dinocysts diversity show the same trend as
recorded in Ii section, but here the values are pronouncedly
higher than their equivalents through the early Cenomanian
time interval in the Ii section.
5.2. Paleoenvironment and sea level changes
The qualitative and quantitative changes in the composition of
palynomorph assemblages may contribute for inferring the
depositional environments [22,31–33]. The relative percentage
abundance of the recovered spores, pollen grains and dinocysts
in the examined Ii-26-1 and Ig-30-1 samples are illustrated in
Fig. 3. The palynofacies categories and parameters are cru-
cially utilized in this study for paleoenvironmental interpreta-
tions for the investigated samples in the six time intervals in
the studied wells (Figs. 4 and 5).
For each time interval of the six studied, the environmental
signiﬁcance of the main palynofacies parameters have been
analyzed and compared with existing calibrated data [31]. It
is important to differentiate the parameters referring to the
phytoclast and palynomorph fractions.5.2.1. Berriasian/early Hauterivian time interval (Figs. 3–5)
Shallow marine or near shore environment is inferred for this
time interval based on the dominance of phytoclast, translu-
cent and equi-dimensional opaque particles in both wells.
The relative proportion of all phytoclasts decreases with
increasing distance from continental source areas [31]. Also
according to Tyson, [31], the ratio of opaque and semi-opaque
to translucent phytoclasts increases distally as the distance
from continental sources of fresh, delicate, translucent phyto-
clasts becomes more important. The translucent fraction is the
most common fraction in coastal sections and its dominance
gives an indication of proximality associated with highly toxic
conditions, [31]. The ratio of lath-shaped to equi-dimensional
opaque phytoclasts tends to increase in the deeper intra plat-
form basin. This is the result of the preferential hydrodynamic
transport of the lath-shaped vs. the equi-dimensional particles,
a criterion of distality observed [29,31]. The considerable pres-
ence of AOM in the Ig section may be attributed to extensive
biodegradation of the sensitive translucent phyoclasts or to a
higher paleoproductivity characterizing stagnant, oxygen-de-
pleted paleoenvironments, [22].
The higher marine/continental palynomorph ratio beside
the dinocysts diversity supports the second possibility. The rel-
ative proportion of marine palynomorphs (dinocysts and
foraminifera linings) clearly increases regularly from the shal-
low platform to the basin. This results from a decrease in ter-
restrial input with the increasing distance from deltaic river
inputs and/or possibly from an increasing productivity of the
marine biomass [31,34]. Owing to the lower values of the indic-
ative palynomorphs parameters in the Ig section compared to
their equivalents in the Ii section. Shallower environment and
closer setting to the shore is inferred to the Ig section.
Based on the results of the integration of all the obtained
data for the Berriasian/Early Hauterivian time interval equiv-
alent to the lower part of Alam El Bueib Formation, this unit
in divided into three parts, the basal part occurred in shallow
marine under dysoxic-anoxic conditions, while the middle part
took place in relatively shallower settings such as deltaic or
near the shore. The upper part of Alam El Bueib Formation
was deposited under marginal marine settings; in relatively
446 S.S. Tahoun et al.deeper condition than the middle part but still shallower than
the condition of the lower part.
5.2.2. Late Hauterivian/Barremian time interval (Figs. 3–5)
In both of the studied sections, the upward increasing in the
phytoclasts associated with decreasing AOM represents overall
shallowing condition and proximity to the shore.
According to the trends of translucent fraction beside lath/
equi opaques, and ting these trends with the palynomorph
parameters trends which show greater values in the Ii in the
lower part and greater values in the Ig in the upper part. Shal-
lower environment and closer setting to the shore is inferred to
in the Ig section in the lower part, but the reverse case has hap-
pened in the upper part. This change in depositional setting
may have resulted from some tectonics affecting shape and
conﬁguration of the basin.
The late Hauterivian/Barremian time interval is equivalent
to the upper part of Alam El Bueib Formation. This unit is di-
vided into two parts, the lower part took place in shallow mar-
ine environment under dysoxic-anoxic condition, whereas the
upper part was deposited in relatively shallower condition, in
marginal marine setting.
5.2.3. Aptian time interval (Figs. 3–5)
Based on the increasing trend of phyoclast fractions beside the
domination of translucent and equi-dimensional opaques, and
conjugating the results with the trends of palynomorph param-
eters showing increasing values, A deepening condition is in-
ferred to the middle part of this time interval. The AOM,
lath/equi. opaques parameters show moderate peak (equiva-
lent to Alamein Formation), a gradual decrease (shallowing)
of the upper part (equivalent to Dahab Formation). Shallower
environment and closer setting to the shore is inferred for the
Ig section because of its lower palynomorph values compared
to their equivalents in the Ii section.
The Aptian time interval is equivalent to the uppermost part
of Alam El Bueib, Alamein Dolomite and Dahab formations.
The lower part of this time interval (uppermost part of Alam
El Bueib) was deposited under near shore under dysoxic-anoxic
environment, but deposition of the middle part (Alamein Dolo-
mite) took place under shallow marine setting characterized byFigure 7 HI vs. Tmax kerogen plot of the Ihigh dysoxic-anoxic situation. The upper part (Dahab) was
deposited in relatively shallower condition (marginal marine).
5.2.4. Albian time interval (Figs. 3–5)
In the studied sections, the general domination by phytoclasts
and equi-dimensional opauqes, in addition to occasional AOM
in the Ii section, represents shallow marine setting and proxim-
ity to shore. In the Ii section, the distinct ﬂuctuations shown by
the phyoclasts and AOM fractions in the middle and upper
parts of Albian represent relatively deeper condition compared
to the Ig section. If these results are linked with the pal-
ynomorph parameters values in the lowermost and uppermost
parts, they indicate higher values compared to the Ig. Thus,
shallower environment and closer setting to the shore is in-
ferred to in the Ig section.
In spite of the interpreted shallower setting for the Ig sec-
tion, the marine/continental palynomorph ratio and dinocyst
diversity indicate pronounced irregular small peaks within
the middle part of Albian time interval. Meanwhile, the middle
part of Ii section has zero values, which may be attributed to a
continental suite.
5.2.5. Earliest Cenomanian time interval (Figs. 3–5)
In the studied sections, the reversed trends of the phytoclasts,
AOM, translucent and opaques cannot permit us to predict a
shallowing or deepening trend for this time interval. The mar-
ine/continental palynomorph ratio and dinocyst diversity have
zero values in Ig, but very small values in the Ii section.
5.2.6. Early Cenomanian time interval (Figs. 6–10)
The upward decreasing of the phytoclasts content associated
with increasing of AOM in both studied sections represents
overall deepening condition and distality to the shore. Accord-
ing to the trends of translucent fraction beside lath/equi-
dimensional opaques, and matching these trends with the
palynomorph parameters trends, they are showing a relative
increasing in the upward direction. The greater values in the
middle and upper parts of Ig compared to Ii lead to the recog-
nition of shallower environment and closer setting to the shore
is inferred to Ii section.g-30-1 well (Modiﬁed from Tyson 1995).
Figure 8 A modiﬁed van Krevelen kerogen plot of the Ii-26-1 well (After Tyson 1995).
Figure 9 HI vs. Tmax kerogen plot of the Ii-26-1 well (Modiﬁed from Tyson 1995).
A B
Figure 10 Source richness plot of samples of (a) Ii-26-1 well and (b) Ig30-1 well (Modiﬁed from Jackson, [35]).
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Figure 11 Stratigraphic distribution of TOC relative to the
depth (a) Ii 26-1 and (b) Ig 30-1 wells.
448 S.S. Tahoun et al.The Albian (Kharita Formation) was deposited in marginal
marine environment in the basal part changing in the middle
part to shallower condition (deltaic or near shore), and ﬁnally
changing again in the upper part to relatively deeper environ-
ment (near shore or marginal marine). The environment did
not changed from the upper part of the Kharita to the lower
part of the Bahariya (Earliest Cenomanian), nearly the same
conditions could be deduced. The upper part of the Bahariya
Formation studied herein (early Cenomanian) took place un-
der shallow marine dysoxic-anoxic environment representing
the deepest recorded condition in the studied sections.
5.3. TOC/Rock–Eval Pyrolysis
The results of the geochemical data OI, HI, TOC and Tmax are
presented in Figs. 6–9. Data for each well were tabulated in
Tables 3 and 4 in an attempt to describe the petroleum poten-
tial (quantity), quality and thermal maturity. The stratigraphicdistribution of the TOC with depth in Ii-26-1 and Ig-30-1 wells
is depicted in Fig. 11A and B, respectively. High TOC and HI
and low OI values are indicating a highly oil-prone facies.
Based on the results extracted from the plotting of the geo-
chemical data (TOC and Rock–Eval analyses), it was indicated
that the Alam El Bueib, Alamein, Dahab, Kharita and Baha-
riya formations had poor petroleum potential in both the stud-
ied sections (Tables 3 and 4). All of these formations have low
TOC and HI and relatively high OI values, signifying inert to
poorly gas-prone facies. The kerogen type deduced geochemi-
cally is straggling between IV and III. Kerogen description and
the character of expelled products (Tables 3 and 4) indicate
that the studied formations are generally of type IV kerogen
and in a few cases it was type III, and hence are capable of
expelling gas.
The kerogen types inferred based upon the visual micro-
scopic examination correlate in most samples with those de-
duced from geochemical results. In a few cases, the estimated
kerogen types qualitatively deduced under the microscope do
not correlate with the kerogen type inferred quantitatively
from the geochemical analysis. The lack of correlation could
be the result of the caving process, in which case the grain ana-
lyzed geochemically was not representative of the sample and
could have caved in from higher horizons. Therefore, we can
conclude that the visual method could work as an inexpensive
methodology and rapid technique for illustrating a general
idea about the dominant kerogen type.6. Conclusions
The stratigraphic distribution of the palynomorphs and partic-
ulate organic matter have been investigated in the subsurface
Lower/Middle Cretaceous sections in the Ii-26-1 and Ig-30-1
wells located in the northern part of the Western Desert,
Egypt. The results illustrate the following:
(1) Berriasian/Early Hauterivian time interval equivalent to
the lower part ofAlamElBueibFormation. Itwasdivided
into three parts. The basal part occurred in shallow mar-
ine under dysoxic-anoxic condition, while the middle part
took place in relatively shallower settings such deltaic or
near the shore. The upper part of Alam El Bueib Forma-
tion was deposited in marginal marine settings; in rela-
tively deeper conditions than the middle part but still
shallower than the conditions of the lower part.
(2) Late Hauterivian/Barremian time interval equivalent to
the upper part of Alam El Bueib Formation. It was
divided into two parts. The lower part took place in
shallow marine environment under dysoxic-anoxic con-
dition. The upper part was deposited in relatively shal-
lower condition.
(3) The Aptian time interval equivalent to the uppermost
part of Alam El Bueib, Alamein Dolomite and Dahab
formations. This interval was divided into three parts.
The lower part (uppermost part of Alam El Bueib)
was deposited near the shore under dysoxic-anoxic envi-
ronment. The middle part (Alamein Dolomite) took
place under shallow marine settings and was character-
ized by high dysoxic-anoxic situation. The upper part
(Dahab) occurred in relatively shallower conditions
(marginal marine).
Stratigraphic distribution of the palynomorphs and the particulate organic 449(4) The Albian (Kharita Formation) was deposited in mar-
ginal marine environment in the middle part to shal-
lower conditions in the upper part.
(5) The Bahariya Formation took place under shallow mar-
ine dysoxic-anoxic environment representing the deepest
recorded condition in the studied sections.
(6) Total organic carbon (TOC) and Rock–Eval Pyrolysis
analyses indicate very low TOC and HI values, suggest-
ing that the Alam El Bueib, Alamein, Dahab, Kharita
and Bahariya formations are primarily of type IV kero-
gen and have few type III kerogen components. Thus,
these sediments are inert to slightly gas prone, suggest-
ing a strong deﬁciency of hydrogen-enriched organic
matter.
(7) Palynofacies analysis indicates that all the studied for-
mations contain highly oxidized terrestrial organic mat-
ter (brown phytoclasts and black woods). The kerogen
types inferred based upon the visual microscopic exam-
ination correlated to a great extent with those deduced
from geochemical results.Acknowledgments
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